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operation 1s provided. The method comprises treating thin
stillage upstream of a concentration or evaporation step with
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and solids; separating the o1l from the solids of the float
layer; and recovering the oil.
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METHOD FOR CONDITIONING AND
PROCESSING WHOLE OR THIN STILLAGE
TO AID IN THE SEPARATION AND
RECOVERY OF PROTEIN AND OIL
FRACTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

None.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable.

BACKGROUND OF THE INVENTION

This mvention relates generally to a system and method
for the conditioning of a dry milling stillage process stream
with flocculant 1n order to {facilitate further processing,
separation, and recovery of solids, fats, and oils from the
stillage. The dry milling process 1s a method of manufac-
turing ethanol. In this process, corn 1s ground up and
processed to produce a “beer mash” which 1s fermented to
form ethanol. Once the stream reaches the desired ethanol
content the material 1t’s then transferred to a stripper col-
umn. The stripper column facilitates recovery and removal
of the ethanol and the remainder, known as whole stillage 1s
passed on for further processing.

Whole stillage contains all of the non-fermentable com-
ponents of the corn kernels including germ, protein, gluten,
fiber as well as fats and oils and a small amount of starch 1n
addition to dead vyeast cells. Whole stillage typically con-
tains 9%-14% totals solids of which 4% to 10% are sus-
pended solids and 4% to 5% are dissolved solids. Many of
the components of whole stillage are valuable and consid-
crable attention has been paid 1n the industry to develop
methods to separate and recover those components.

In prior art attempts such as U.S. Pat. Nos. 5,662,810,
5,958,233, 7,497,953, 7,566,469, 7,608,729, and 7,601,838
and US Published Patent Applications 2009/0259060, 2006/
00411353, and 2008/0299632 describe various uses of heat
and centrifuge pressures applied to whole stillage, thin
stillage or syrup to recover at least some of these compo-
nents. Typically prior art processes mvolve centrifuging
away water from the whole stillage thereby forming con-
centrated solids wet cake and low solids thin stillage
streams. The thin stillage then undergoes some form of
drying or evaporation to form a viscous syrup. Part of the
thin stillage stream may be reused in the process by recir-
culating to the front of the plant as backset and mixing 1t
with new corn. The syrup 1s typically added to other solids
recovered from the process to form a mass commonly
known as distiller dry grains and solubles (DDGS), which
can be used as an animal feed.

One constraint on these prior art recovery processes 1s the
energy required for each separation step. Each step
addresses ever-increasing proportion of solid materials or
ever increasing viscosity of liquids. As a result significant
energy, cost, and mechanical separation efforts are utilized to
successiully separate these components.

Thus there 1s clear need and utility for improved methods,
systems, and apparatus for conditioning whole, thin stillage
concentrated thin stillage, and syrup. The art described 1n
this section 1s not intended to constitute an admission that
any patent, publication or other information referred to
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herein 1s “prior art” with respect to this invention, unless
specifically designated as such. In addition, this section
should not be construed to mean that a search has been made

or that no other pertinent information as defined in 37 CFR
§1.56(a) exists.

BRIEF SUMMARY OF TH.

(L]

INVENTION

At least one embodiment of the invention 1s directed
towards a method of reducing the energy needed to process
stillage 1n an ethanol refining operation. The method com-
prises the steps of: 1) adding to stillage an effective amount
of at least one anionic flocculant, 2) recovering o1l from the
predominantly o1l phase, and 3) passing on the water phase
to subsequent refining operation steps. The flocculant
induces the formation of three phases, a water phase, a
particle phase, and an o1l phase. The o1l phase by weight
predominantly comprises oil. The water phase by weight
predominantly comprises water. The particle phase by
weight predominantly comprises an agglomeration of mate-
rials that would otherwise be suspended in the stillage. There
1s more protein 1n the particle phase than in the o1l phase.

The subsequent refining operation may be the recovery of
solids from the water phase. The subsequent refining opera-
tion step may be the reintroduction of the water phase to the
fermentation stage of the refining process as backset. At least
one anionic flocculant may be added 1n a GEM. The at least
one anionic flocculant may be GRAS certified. The addition
of the at least one anionic tlocculant may result 1n a greater
amount of stillage to be processed by using less energy than
if the at least one amonic flocculant were not added. The
method may turther comprise the step of recovering corn o1l
from the particle phase. The method may further comprising
the steps of heating and mechanically processing one item
selected from the list consisting of: the particle phase, the o1l
phase, the water phase, and any combination thereof to
separate o1l from the heated and mechanically processed
phase. The mechanical processing may comprise separating,
the o1l from the heated and mechanically processed phase
using a disk stack centrifuge. The o1l recovery may be
performed on the heated and mechanically processed phase
at a temperature of between about 150 and 212 degrees F.

The o1l recovery may be performed on a heated and
mechanically processed phase that has a pH of between
about 3 and 6.

At least one embodiment of the invention 1s directed
towards a method of reducing the energy needed to process
stillage 1n an ethanol refining operation. The method com-
prises the steps of: 1) adding to stillage an effective amount
ol at least one processing aid pair and 2) passing on the water
phase to subsequent refining operation steps. The pair
induces the formation of three phases, a water phase, a
particle phase, and a predominantly o1l phase. The water
phase predominantly comprises water. The particle phase
predominantly comprises an agglomeration of materials that
would otherwise be suspended 1n the stillage. The pair 1s
selected from the group consisting of: an anionic flocculant
with a cationic flocculant, an aniomic coagulant with a
cationic flocculant, and a cationic coagulant with an anionic
flocculant.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of the invention 1s hereafter
described with specific reference being made to the draw-
ings in which:
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FIG. 1 1s a flowchart illustrating a prior art method of
recovering oil from stillage.

FIG. 2 1s a flowchart illustrating one manner of 1mple-
menting the inventive method on stillage.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

For purposes of this application the definition of these
terms 1s as follows:

“Acrylamide monomer” means an electrically neutral
monomer derived from acrylamide. Representative acryl-
amide monomers include acrylamide, methacrylamide,
N-methylacrylamide, N,N-dimethyl(meth)acrylamide,
N-1sopropyl(meth)acrylamide, N-(2-hydroxypropyl)meth-
acrylamide, N-methylolacrylamide, and the like. Preferred
acrylamide monomers include acrylamide and methacryl-
amide. Acrylamide 1s more preferred.

“Backset” means that portion of thin stillage that 1s
returned to the front of plant and mix with corn for addi-
tional ethanol production.

“Coagulant” means a chemical, which induces coagula-
tion, 1.e. 1t induces the initial agglomeration of material
suspended within a liquid “Concentrated Thin Stillage”
means a portion of the thin stillage stream that has passed
through a concentration or evaporation stage and ranges
between what would be considered “backset” and what
would be considered “syrup”.

“Cross-linking agent” means a multifunctional monomer
that when added to polymerizing monomer or monomers
results 1 “cross-linked” polymers in which a branch or
branches from one polymer molecule become attached to
other polymer molecules.

“Dispersion Polymers” mean a water-soluble polymer
dispersed 1n an aqueous continuous phase containing one or
more 1norganic salts. Representative examples of dispersion
polymerization ol water-soluble anionic and nonionic

monomers 1n an aqueous continuous phase can be found in
U.S. Pat. Nos. 5,605,970, 5,837,776, 5,985,992 and 6,265,

477,

“Dry polymer” means a polymer prepared by gel polym-
erization.

“Emulsion polymer” and mean an invertible water-in-oil
polymer emulsion comprising an anionic polymer according
in the aqueous phase, a hydrocarbon o1l for the o1l phase, a
water-in-o1l emulsifying agent and, potentially, an inverting,
surfactant.

“Flocculant” means a chemical, which induces floccula-
tion, 1.e. 1t induces the enhanced agglomeration of material
suspended within a liquid either alone or after coagulation
when the liquid 1s stirred or otherwise mixed.

“Gel Polymerization” means a process for producing
polymers as dry powders.

“Inverse emulsion polymers” mean polymers which posi-
tion hydrocarbon continuous within the water-soluble poly-
mers dispersed as micron sized particles within the hydro-
carbon matrix.

“Latex polymer” means an emulsion polymer that forms
rubber or plastic globules 1n water.

“Solids” means the not water portions of corn that remain
in stillage after distillation including: germ, protein, gluten,
hull, and carbohydrates.

“Stillage” means whole stillage and/or thin stillage either
as generated in the process or i a concentrated form
(meaning additional water may be removed).
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“Syrup” means that portion of thin stillage that has passed
through a concentration or evaporation process and has
reached the optimum solids level for application to wet feed
or DDGS drying operations.

“Thin stillage” means that portion of a corn processing
stream remaining aiter the whole stillage has passed through
a centrifuge where the more heavy wet cake has been
removed.

“Whole stillage” means that portion of a corn processing,
stream remaining after the corn-based material has passed
through a distillation process where ethanol has been
removed.

In the event that the above definitions or a description
stated elsewhere 1n this application 1s inconsistent with a
meaning (explicit or implicit) which 1s commonly used, 1n a
dictionary, or stated in a source incorporated by reference
into this application, the application and the claim terms 1n
particular are understood to be construed according to the
definition or description in this application, and not accord-
ing to the common definition, dictionary definition, or the
definition that was incorporated by reference. In light of the
above, 1n the event that a term can only be understood if 1t
1s construed by a, dictionary, i1f the term i1s defined by the
Kirk-Othmer Encyclopedia of Chemical Technology, 5th
Edition, (2005), (Published by Wiley, John & Sons, Inc.) this
definition shall control how the term 1s to be defined 1n the
claims.

As 1llustrated in FIG. 1, in prior art applications, the
processing requirements of the various products of a dry
milling stillage process stream require significant mputs of
energy to carry out. Under current operating conditions, 1t 1s
common for an ethanol plants to produce anywhere from 20
to 300 MGY (millions of gallons per year) of ethanol which
will typically result 1n 260 to 4000 gpm (gallons per minute)
whole stillage 1nto the centrifuges and will generate 200 to
3000 gpm of thin stillage. With 40 to 50% of the thin stillage
being utilized as backset 1t may result in 100 to 1500 gpm
of thin stillage being returned to the front of the plant. This
process 1s analogous to recycling 30-300 pounds of non-
fermentable material back to the head of the plant every
hour, an ineflicient utilization of resources in an energy
intensive process.

In at least one embodiment, the energy required to process
(whole stillage, thin stillage, concentrated thin stillage or
syrup) 1s lowered by reducing the amount of suspended
solids present within the stillage. Suspended solids distribute
mass throughout the stillage and when the stillage undergoes
shear forces in separation equipment, the suspended solids
significantly increase the energy required to properly sepa-
rate the suspended solids and remove water from the stillage.
Reducing the needed energy reduces the energy required 1n
the solids separation steps of any of the de-watering pro-
cesses including centrifuging or filtration and reduces the
amount of energy required for removing water during con-
centration or evaporation.

In at least one embodiment a float layer 1s formed from the
solids found 1n the whole stillage, centrifuge thin stillage,
concentrated thin stillage or syrup stream. In at least one
embodiment the thin stillage solids, fats and oils are con-
centrated and recovered on a float layer using a DAF
(dissolved air flotation unit) or IAF (induced air flotation
unit). Other embodiments contemplated by this mmvention
include the removal of thin stillage solids by other sold/
liquid separation devices such as a centrifuge, a recessed
chamber filter press, rotary drum vacuum filters, belt
presses, vacuum {ilters, pressure filters or membrane filtra-
tion.
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In at least one embodiment the suspended solids are
removed by the addition of an anionic flocculant to the
stillage. The anionic flocculant creates a concentrated solids
layer containing corn o1l and insoluble protein. This con-
centrated layer 1n turn can be separated using known oil/
solid/water separation techniques such as decanter, tricanter
and stacked disk centrifuges.

It 1s quite unexpected that anionic flocculant works as
well as 1t does 1n recovering o1l. Anionic polymeric floccu-
lants are normally used to facilitate the aggregation of solids
by attracting positively charged particles to the negatively
charged polymer backbone. This increases the particle size
and increases the rate of solid separation from carrier liquid,
which 1s usually water. In stillage this should result 1n better
solids separation in the dewatering devices. However, it has
been found that the addition of anionic flocculants also
increases the amount of o1l removed from the stillage solids
particles, an unexpected bonus feature.

In at least one embodiment also added to the stillage 15 a
cationic flocculant. In at least one embodiment also added to
the stillage 1s an anionic and/or cationic coagulant. In at least

one embodiment, high shear particles that would not be
removed by the methods described in U.S. Pat. Nos. 7,641,

928, 7,566,469, and 7,497,955 are removed by the anionic
flocculant, and those particles that remain 1n the water are
then removed by the methods described in U.S. Pat. Nos.
7,641,928, 7,566,469, and 7,497,955. In at least one embodi-
ment, the stillage 1s placed into a GEM DAF into which the
flocculant 1s also added by preconditioning the stream 1n a
mixing zone.

In at least one embodiment the flocculant and/or coagu-
lant used 1s GRAS approved, meaning 1t satisfies the require-
ments for the United States” FDA category ol compounds
that are “Generally Recognized as Safe.” Because the floc-
culant and/or coagulant are GRAS approved, 1t need not be
removed and can be included 1n the distiller grains and be
fed to livestock and/or other animals when used within the
dosage and application guidelines established for the par-
ticular product formulation.

In at least one embedment an ethanol processing facility
can process more stillage while using no more energy or can
process stillage faster while using no more energy by
reducing the shear energy requirements and improving unit
operation and process eiliciency when the suspended solids
are removed from the stillage.

In at least one embodiment, the composition of the
backset 1s changed by removing the suspended solids. In
prior art methods, certain solid materials are only removed
with difliculty because they remain suspended in the stillage
and return to the front of the plant within the backset.
Industry tends to re-use backset because 1t allows otherwise
escaped materials to be recaptured on subsequent process-
ing. Also backset liquid reduces the need for additional fresh
water lowering water costs. Unfortunately, highly suspended
materials thereby continually increase 1n concentration each
time the backset 1s recaptured and as a result shear energy
requirement perpetually increase. By removing the sus-
pended solids, water savings can still be achieved, solids do
not escape, and shear forces do not invariably rise.

In at least one embodiment the flocculant and/or coagu-
lant facilitates the increased production of ethanol by
improving the quality of the backset. In at least one embodi-
ment the flocculant and/or coagulant reduces the energy
requirements of the system by chemically concentrating the
thin stillage. In at least one embodiment the flocculant
and/or coagulant facilitates the increased recovery of grain
solids and corn o1l.
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In at least one embodiment, the recovery of o1l from a thin
stillage sample 1s enhanced by the addition of a pair of
processing aids. At least one member of the pair 1s one
selected from a coagulant and a flocculant. At least one
member of the pair may be anionic or cationic. Other aid or
aids may be added 1n addition to the parr.

In at least one embodiment the thin stillage 1s aged for a
short period of time (between 0.5 and 10 hours). “Aged”
refers to the time that the stillage 1s left to sit 1n contact with
one or more aids before heat and pressure are applied to this
mixture of the stillage and one or more aids. In at least one
embodiment, the temperature applied to the aged mixture 1s
relatively low, for example between 135 and 180 degrees F.
While 1t would not expect for such a low temperature to
result 1n huigh o1l yields, in fact it does result in high o1l
yields.

In at least one embodiment the addition of one or more of
the aids to thin stillage results 1n a two phase product, one
phase 1s rich 1n solids such as proteins and one 1s predomi-
nantly water. In at least one embodiment the addition of one
or more processing aids to thin stillage results 1n a three
phase product, one phase 1s rich in insoluble materials such
as solids and/or proteins, one 1s predominantly water, and
one 1s predominantly o1l. The formation of a free standing o1l
layer vastly reduces the cost of otherwise removing o1l from
either of the water or in particular the insoluble material
phases.

In at least one embodiment, an aid 1s used to recover o1l
from the thin stillage by forming different phase layers. In at
least one embodiment the aid comprises an anionic polymer.
Anionic polymers suitable for use 1 the method of this
invention include those prepared by polymerizing acrylic
acid sodium salt, methacrylic acid sodium salt or 2-acry-
lamido-2-methyl-1-propanesulionic acid sodium salt or a
combination thereof and optionally one or more acrylamide
monomers under Iree radical forming conditions using
methods known i the art of polymer synthesis. Many
anionic polymers are commercially available, for example
from Nalco Company, Naperville, I11.

In at least one embodiment the amionic polymer are
cross-linked with about 0.005 to about 10 ppm of one or
more cross linking agents. Representative cross-linking
agents include but are not limited to N,N-methylenebisacry-
lamide, N,N-methylenebismethacrylamide, triallylamine,
triallyl ammonium salts, ethylene glycol dimethacrylate,
diethylene glycol dimethacrylate, polyethylene glycol dia-
crylate, triethylene glycol dimethylacrylate, polyethylene
glycol dimethacrylate, N-vinylacrylamide, N-methylally-
lacrylamide, glycidyl acrylate, acrolein, glyoxal, vinyltri-
alkoxysilanes and the like. Preferred cross-linking agents are
selected from N,N-methylenebisacrylamide, polydiethyl-
eneglycoldimethacrylate, trimethylolpropane ethoxylate (x
EO/y OH) tri{meth)acrylate, where x=1-20 and y=1-5, trim-
cthylolpropane propoxylate (x EOQ/y OH) triacrylate, where
x=1-3 and y=1-3, and 2-hydroxyethylmethacrylate.

In at least one embodiment the anionic polymers are one
or more of: dry polymers, emulsion polymers, inverse
emulsion polymers, latex polymers, and dispersion poly-
mers. The advantages of polymerizing water-soluble mono-
mers as inverse emulsions include 1) low fluid viscosity can
be maintaimned throughout the polymerization, permitting
cellective mixing and heat removal, 2) the products can be
pumped, stored, and used easily since the products remain
liquids, and 3) the polymer “actives™ or “solids™ level can be
increased dramatically over simple solution polymers,
which, for the high molecular weight flocculants, are limited
to lower actives because of viscosity considerations. The
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inverse emulsion polymers are then “inverted” or activated
for use by releasing the polymer from the particles using
shear, dilution, and, generally, another surfactant, which
may or may not be a component of the inverse emulsion.

In at least one embodiment the inverse emulsion polymers
are prepared by dissolving the desired monomers 1n the
aqueous phase, dissolving the emulsiiying agent(s) in the o1l
phase, emulsitying the water phase 1n the o1l phase to
prepare a water-1n-oil emulsion, 1n some cases, homogeniz-
ing the water-in-o1l emulsion, polymerizing the monomers
dissolved 1n the water phase of the water-in-o1l emulsion to
obtain the polymer as a water-in-o1l emulsion. If so desired,
a self-inverting surfactant can be added after the polymer-
1zation 1s complete 1n order to obtain the water-in-o1l seli-
inverting emulsion.

In at least one embodiment the o1l phase comprises one or
more or any inert hydrophobic liquid. Preferred hydrophobic
liquids include aliphatic and aromatic hydrocarbon liquids
including benzene, xylene, toluene, paraflin oil, mineral
spirits, kerosene, naphtha, and the like. A parathinic o1l 1s
preferred.

In at least one embodiment the polymerization 1s facili-
tated by free radical yielding initiators such as benzoyl
peroxide, lauroyl peroxide, 2,2'-azobis (1sobutyronitrile)
(AIBN), 2,2'-azobis(2,4-dimethylvaleronitrile) (AIVN),
potassium persuliate and the like are useful 1n polymerizing
vinyl and acrylic monomers. 2,2'-azobis(isobutyronitrile)
(AIBN) and 2,2'-azobis(2.4-dimethylvaleronitrile) (AIVN)
are preferred. The mitiator 1s utilized 1n amounts ranging
between about 0.002 and about 0.2 percent by weight of the
monomers, depending upon the solubility of the imitiator.

In at least one embodiment water-in-o1l emulsifying
agents are used for preparing the emulsion polymers of this
invention include sorbitan esters of fatty acids, ethoxylated
sorbitan esters of fatty acids, and the like or mixtures
thereol. Preferred emulsitying agents include sorbitan
monooleate, polyoxyethylene sorbitan monostearate, poly-
oxyethylene sorbitan monolaurate, and the like. The sorbitan
can be substituted with sucrose, glycol, glycerin, and the
like. Additional details on these agents may be found in
McCutcheon’s Detergents and Emulsifiers, North American
Edition, 1980. Any 1mverting surfactant or inverting surfac-
tant mixture described in the prior art may be used. The
amount the preferred emulsifying agent utilized can be
varied 1n order to optimize polymer make down and also
improve separation and recovery of the fats o1l and greases
present 1n the process stream. While the preferred method 1s
the utilization of latex flocculants, 1t’s also possible to feed
the anionic flocculants as described alone or 1n combination
with an additional point source feed of one of the described
surfactants in order to facilitate and optimize separation and
recovery of the corn o1l. Representative inverting surfactants
include ethoxylated nonylphenol, ethoxylated linear alco-
hols, and the like. Preferred inverting surfactants are ethoxy-
lated linear alcohols.

Upon flocculant addition to dry milling stillage process
streams these same emulsilying agents and/or surfactants
interact with the corn oil which 1s either bound to the
surfaces of the solid constituents of the stillage or they
interact with the unattached o1l present 1n these dry milling
streams. This interaction enables the corn oil to break free
from the solid surfaces and be removed by separation
process such as high speed centrifugation. "

T'hese same
surface active chemicals help emulsity unattached o1l pre-
venting attachment to solid material present in the stillage
process streams which also aids i1n the removal of corn o1l
from the stillage.
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In at least one embodiment, the polymer 1s prepared by
polymerizing the appropriate monomers at from about 30
degrees C. to about 85 degrees C., over about 1 to about 24
hours, preferably at a temperature of from about 40 degrees
C. to about 70 degrees C. over about 3 to about 6 hours.

In at least one embodiment the aid comprises a dispersion
polymer. Dispersion polymers are prepared by combiming
water, one or more 1norganic salts, one or more water-

soluble monomers, any polymerization additives such as
chelants, pH buflers or chain transfer agents, and a water-
soluble stabilizer polymer. This mixture 1s charged to a
reactor equipped with a mixer, a thermocouple, a nitrogen
purging tube, and a water condenser. The monomer solution
1s mixed vigorously, heated to the desired temperature, and
then a water-soluble 1mitiator 1s added. The solution 1s
purged with nitrogen while maintaining temperature and
mixing for several hours. During the course of the reaction,
a discontinuous phase containing the water-soluble polymer
1s formed. After this time, the products are cooled to room
temperature, and any post-polymerization additives are
charged to the reactor. Water-continuous dispersions of
water-soluble polymers are free tlowing liquids with product
viscosities generally 100-10,000 cP, as measured at low
shear. The advantages of preparing water-soluble polymers
as water continuous dispersions are similar to those already
mentioned 1n association with the inverse emulsion poly-
mers. The water continuous dispersion polymers have the
further advantages that they contain no hydrocarbon o1l or
surfactants, and require no surfactant for “inversion” or
activation.

In at least one embodiment the aid comprises a dry
polymer. In at least one embodiment the aid comprises a gel
polymer. The preparation of high molecular weight water-
soluble polymers as dry powders using a gel polymerization
1s generally performed as follows: an aqueous solution of
water-soluble monomers, generally 20-60 percent concen-
tration by weight, along with any polymerization or process
additives such as chain transfer agents, chelants, pH builers,
or surfactants, 1s placed in an 1insulated reaction vessel
equipped with a nitrogen purging tube. A polymerization
initiator 1s added, the solution 1s purged with nitrogen, and
the temperature of the reaction i1s allowed to rise uncon-
trolled. When the polymerized mass 1s cooled, the resultant
gel 1s removed from the reactor, shredded, dried, and ground
to the desired particle size.

In at least one embodiment an anionic polymer 1s used
which has an anionic charge of about 10 to about 100 mole
percent, more preferably about 30 to about 70 mole percent
and most preferable with an amionic charge of about 35 to
about 45 mole percent. In a preferred aspect of this inven-
tion, the anionic polymer 1s selected from the group con-
sisting ol acrylamide-acrylic acid sodium salt copolymer
and acrylamide-2-acrylamido-2-methyl-1-propanesulfonic
acid sodium salt copolymer.

In another preferred aspect, the aid comprises: acrylam-
ide-acrylic acid sodium salt copolymers, acrylamide-2-acry-
lamido-2-methyl-1-propanesulionic acid sodium salt copo-
lymer one or both having a 25 anionic charge of about 10 to
about 90 mole percent, and any combination thereof.

In another preferred aspect, acrylamide-acrylic acid

sodium salt copolymer and acrylamide-2-acrylamido-2-
methyl-1-propanesulifonic acid sodium salt copolymer have
an anionic charge of about 30 to about 70 mole percent. In
another preferred embodiment, the anionic polymer 1s acry-
lamide-sodium acrylate-sodium methacrylate terpolymer. In
another preferred embodiment, the acrylamide-sodium acry-
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late-sodium methacrylate terpolymer has an anionic charge
of about 1 to about 50 mole percent. The anionic polymers
preferably have a reduced specific viscosity of about 10 to
about 60 dl/g, more preferably about 15 to about 40 dl/g.
“Reduced specific viscosity” (RSV) 1s an indication of °
polymer chain length and average molecular weight. The
RSV 1s measured at a given polymer concentration and
temperature and calculated as follows:

10

15
Wherein n=viscosity of polymer solution; 1 _=viscosity of

solvent at the same temperature; and c=concentration of

Temperature Pressure
(psi)

(° F.)

70 0
212 U
220 2.5
230 6.1

polymer 1n solution. As used herein, the units of concentra-
tion “c” are (grams/100 ml or g/deciliter). Therefore, the
units of RSV are dl/g. The RSV 1s measured at 30.degree. C.
The viscosities 1 and 1, are measured using a Cannon-
Ubbelohde semimicro dilution viscometer, size 75. The
viscometer 1s mounted 1n a perfectly vertical position 1n a 35
constant temperature bath adjusted to 30.+-.0.02.degree. C.
The error mnherent 1 the calculation of RSV 1s about 2 dl/g.
Similar RSVs measured for two linear polymers of 1dentical
or very similar composition 1s one indication that the poly-
mers have similar molecular weights, provided that the
polymer samples are treated i1dentically and that the RSVs
are measured under 1dentical conditions.

30

40

The eflective dosage, addition point(s) and mode of
addition of anionic polymer to the thin stillage process
stream can be empirically determined to obtain the proper
polymer/particle interaction and optimize the chemical treat-
ment program performance. For higher RSV product
samples more mixing 1s typically required. For lower RSV
polymers less mixing 1s required.

45

50

The amount of aid required for optimum dewatering 1s
based upon a number of factors including inverted polymer
concentration, thin stillage process stream solids, available
polymer/particle mixing energy and the type of dewatering
device used. A preferred polymer dosage 1s about 50 to about
500 ppm of anionic polymer i1s added to the thin stillage
process stream.

55

Emulsion polymers are typically inverted as a 0.1 to 5.0
percent by weight solution i1n clean water according to
standard practices for inverting latex {flocculants as
described herein. The polymer 1s applied to the thin stillage
or thin slop process stream. Dry anionic polymer tlocculants
are used 1n a similar fashion with the product being made up
at concentrations of 0.1 to 1.5 percent polymer product
according to the standard practices and recommended poly-
mer aging times for preparing dry tflocculants.

60

65
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EXAMPLES

The foregoing may be better understood by reference to
the following example, which 1s presented for purposes of
illustration and 1s not itended to limit the scope of the
invention.

A number of 40 ml samples of thin stillage were prepared
for treatment under different conditions 1n S0 ml centrifube
tubes. Sample category A was a control having no additive.
Category B had 0.5 ml of an anionic flocculant (GR-109 by
Nalco Company, Naperville, 111.) added to it. Category C had
1 ml of anionic flocculant added to 1t. Each sample was
subjected to various temperatures and pressures and was
then placed 1n a centrifuge where 1t was spun for 30 minutes
in a vessel at 4,400 rpm. The {following describes the
treatments the various samples were subjected to and the
results of the treatment.

TABLE 1

O1l Oul Oul

Emulsion Emulsion Emulsion Layer Layer Layer
(ml) (ml) (ml) (ml) (ml) (ml)
Sample A Sample B Sample C Sample A Sample B Sample C

3 3 3 0 0 0
3 9 9 0 0.5 0.5
2.5 13 13 0.5 0.75 0.75

1 10 10 1 1 1

The data shows the unexpected results of the anionic
flocculant. In the absence of an anionic flocculant tempera-
ture, pressure, and spinning only results 1n an emulsion layer
being removed from the stillage samples. In contrast a small
addition of amonic flocculants results 1n a distinct o1l layer
coming into being, distinct from the emulsion layer. Thus the
anionic tlocculant reduces the cost of removing the o1l by

reducing the number of processing steps needed to recover
it.

e

While this invention may be embodied in many different
forms, there are shown in the drawings and described 1n
detail herein specific preferred embodiments of the inven-
tion. The present disclosure 1s an exemplification of the
principles of the mvention and 1s not intended to limit the
invention to the particular embodiments illustrated. All
patents, patent applications, scientific papers, and any other
referenced materials mentioned herein are incorporated by
reference 1n their entirety. Furthermore, the invention
encompasses any possible combination of some or all of the
vartous embodiments described herein and incorporated
herein.

The above disclosure 1s mntended to be illustrative and not
exhaustive. This description will suggest many variations
and alternatives to one of ordinary skill in this art. All these
alternatives and variations are intended to be included within
the scope of the claims where the term “comprising” means
“including, but not limited to”. Those familiar with the art
may recognize other equivalents to the specific embodi-
ments described herein which equivalents are also intended
to be encompassed by the claims.

All ranges and parameters disclosed herein are understood
to encompass any and all subranges subsumed therein, and
every number between the endpoints. For example, a stated
range of “1 to 10” should be considered to include any and
all subranges between (and inclusive of) the minimum value
of 1 and the maximum value of 10; that is, all subranges
beginning with a minimum value of 1 or more, (e.g. 1 to
6.1), and ending with a maximum value of 10 or less, (e.g.
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2.3 t0 9.4, 3 to 8, 4 to 7), and finally to each number 1, 2,
3,4,5,6,7,8,9, and 10 contained within the range.
This completes the description of the preferred and alter-
nate embodiments of the invention. Those skilled in the art
may recognize other equivalents to the specific embodiment
described herein which equivalents are intended to be
encompassed by the claims attached hereto.
The invention claimed 1s:
1. A method of processing thin stillage in an ethanol
refining operation comprising:
treating thin stillage upstream of a concentration or
evaporation step with an inverse emulsion comprising
at least one anionic tlocculant and an emulsifying agent
selected from a sorbitan ester of a fatty acid, an
cthoxvylated sorbitan ester of a fatty acid, and combi-
nations thereof, thereby forming treated thin stillage;

claritying the treated thin stillage via at least one of
dissolved air flotation and imnduced air flotation, thereby
forming clarified thin stillage and a float layer com-
prising o1l and solids;

separating the o1l from the solids of the float layer; and

recovering the oil.

2. The method of claim 1, wherein the emulsitying agent
1s polyoxyethylene sorbitan monostearate.

3. The method of claim 1, wherein the thin stillage 1s
treated with an amount of the mverse emulsion suflicient to
provide a concentration of from about 50 ppm to about 500
ppm of total anionic flocculant 1n the thin stillage.

4. The method of claim 1, wherein the separating the o1l
from the solids of the float layer 1s performed via heating and
mechanical processing.

5. The method of claim 4, wherein the mechanical pro-
cessing 1s performed via at least one of a decanter, a
tricanter, and a stacked disk centrifuge.

6. The method of claim 5, wherein the mechanical pro-
cessing 1s performed via a stacked disk centrifuge.

7. The method of claim 6, wherein the beating and
mechanical processing 1s performed at a temperature of from
about 50° F. to 220° F.

8. The method of claam 7, wherein the heating and
mechanical processing 1s performed at a temperature of from
about 150° F. to 212° F.

9. The method of claim 1, wherein the emulsifying agent
1s sorbitan monooleate.

10. The method of claim 1, wherein the emulsifying agent
1s polyoxyethylene sorbitan monolaurate.

11. The method of claim 1, further comprising aging the
treated thin stillage from 0.5 hours to 10 hours prior to the
clarifying.
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12. A method of processing thin stillage n an ethanol
refining operation comprising:

inverting an inverse emulsion comprising at least one

anionic tlocculant and an emulsifying agent selected
from a sorbitan ester of a fatty acid, an ethoxylated
sorbitan ester of a fatty acid, and combinations thereof,
by combining the mverse emulsion with water and an
inverting surfactant, thereby forming a latex;

treating thin stillage upstream of a concentration or

evaporation step with the latex, thereby forming treated
thin stillage;

clarifying the treated thin stillage via at least, one of

dissolved air flotation and induced air tlotation, thereby
forming clarified thin stillage and a float layer com-
prising o1l and solids;

separating the o1l from the solids of the float layer; and

recovering the oil.

13. The method of claim 12, wherein the emulsifying
agent 1s polyoxyethylene sorbitan monostearate.

14. The method of claim 13, wherein the clarified thin
stillage has a pH of from about 3 to about 6.

15. The method of claim 14, wherein the thin stillage 1s
treated with an amount of inverse emulsion suflicient to
provide a concentration of from about 50 ppm to about 500
ppm of total anionic tflocculant 1n the thin stillage.

16. The method of claim 12, wherein the separating the o1l
from the solids of the float layer 1s performed via heating and
mechanical processing.

17. The method of claim 16, wherein the mechanical
processing 1s performed via at least one of a decanter, a
tricanter, and a stacked disk centrifuge.

18. The method of claim 17, wherein the mechanical

processing 1s performed via a stacked disk centrifuge.

19. The method of claim 18, wherein the heating and
mechanical processing 1s performed at a temperature of from
about 150° F. to 220° F.

20. The method of claim 19, wherein the heating and
mechanical processing 1s performed at a temperature of from
about 150° F. to 212° F.

21. The method of claim 12, wherein the emulsiiying
agent 1s sorbitan monooleate.

22. The method of claim 12, wherein the emulsifying
agent 1s polyoxyethylene sorbitan monolaurate.

23. The method of claim 12, further comprising aging the
treated thin stillage from 0.5 hours to 10 hours prior to the
clantying.
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